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Residue Management
No-till is becoming more popular because it reduces soil erosion, improves water conservation, and decreases labor requirements. Unfortunately, the crop residues that protect the soil surface from erosion in no-till systems may reduce com yields by slowing soil warming in the spring. One way to solve this problem may be to clear residues from the seed row, while leaving the rest of the soil surface residue covered.
A three year study was conducted near Ames, IA to determine com response to residue management. Each year all residue from the previous crop was removed from a field prior to planting and the area divided into plots. Half the plots were moldboard plowed and half received no tillage. After planting, fertilizing, and herbicide application, residue was replaced on the plots. Some plots were left bare, others were completely covered with residue, and others had residue cleared from bands 8, 16, or 32-cm wide (approx 3, 6, and 12 inches) centered on the seed row (rows 76 em = 30" apart). In this experiment, residue clearing was all done by hand so that we could have better control of the treatments, but a wide variety of planter attachments are available that can mechanically clear residue from the seed row at planting.
In general, as the residue-free band centered on the seed row got wider, the com emergence, height, maturity, and yield approached that of plots with bare soil (Figs 1, 2, 3, 4) . Clearing a 16-cm (6") wide band resulted in only a 3% yield reduction and left 79% of the soil surface protected from erosion. On sunny days, the soil temperature at seed depth below a 16-cm (6") wide residue-free band was up to 16°F warmer than at the same depth under residue in the interrow only a couple of inches away. Because the growing point of com is below the soil surface until the fifth leaf stage, soil temperature influences the early growth of com. In many, years the cool soil temperatures found under residue would limit early com growth. A reduction in early growth doesn't always reduce yield, but it can reduce yield potential. Surprisingly, no-till plots yielded the same as plowed plots when residue was replaced on the plots after planting. Apparently, in this field the mixing or turning of the soil by tillage did not improve com growth when residue was not buried by the tillage. Because tillage can break up compacted soil and destroy weeds, the results of this study may have been different if compaction or weeds had been problems.
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This study seems to indicate that burying all the residue before planting will result in the best com emergence and yield. While that may be true in the short-term, erosion, loss of organic matter, and costs of tillage (machinery, labor, and fuel) far outweigh the short-term yield benefits. In the long-term, keeping the soil bare each year will eventually cause a reduction in com yields because of erosion and loss of organic matter. The real lesson of this study is that corn yields of no-till systems can be improved by managing the residue in the seed row at planting while leaving most of the soil surface covered. If rows are contoured, soil eroding from a seed row cleared of residue will be trapped by the residue in the interrows. Farmers and machinery manufacturers have already begun to adapt present planting systems and machinery to produce residue-free zones without moving a lot of soil. These adaptations should result in better yields, greater adoption of no-till by farmers, and reduced soil erosion.
Compaction Management
MDst farmers don't know whether they have a compaction problem or not, but they assume that tillage will remove whatever compaction is present in their fields. Another popular belief is that compaction reduces corn yields more in no-till than it does in tilled fields. And lastly, most people believe that axle loads less than 5 tons have no effect on com growth and yield. In reality, all of these beliefs are partly right and partly wrong. Let's examine each of these beliefs.
In general, tillage does eliminate compaction if it is done properly when the soil is relatively dry. Tillage, however, can only eliminate compaction to the depth of tillage. Axle loads greater than 10 tons can compact soil below the depth of normal tillage operations, especially if the soil is wet when it is trafficked. Combines, grain wagons, and liquid manure spreaders often exceed 10 tons per axle. On the other hand, if a soil is never trafficked, tillage usually is not needed to remove compaction. For some soils and in certain parts of the country this is not true, but most soils in Iowa do not become compacted unless they have been trafficked. In several long-term studies in Iowa, untrafficked no-till soils were no more compact than chisel plowed/disked soils after a settling rain. Similarly, rainfall infiltration, which is a good indicator of compaction, was higher on no-till, untrafficked soil than it was on tilled, untrafficked soil.
Compaction can be a problem in no-till systems and it can reduce yields. Over time nearly the entire surface of a no-till field can be covered with tracks, unless very deliberate management decisions are made to control traffic. Actually, the same problem exists in tilled fields, but the accumulation of wheel track compaction only occurs from the last tillage operation before planting to first tillage after harvest. Nevertheless, even in tilled systems 60% or more of the surface area of a field can be trafficked during planting, fertilizing, herbicide application, cultivating, and other pre-harvest activities. While the axle loads during these operations are generally less than those used during and after harvest, the resulting compaction during the growing season can still affect soil properties and crop growth.
In general, axle loads less than 5 tons have no effect on corn yield. But, axle loads less than 5 tons can affect root growth, rainfall infiltration, and soil density or compaction. Studies in Iowa have shown that wheel tracks from tractors used during planting can reduce corn root growth by 50% in trafficked interrows as compared with adjacent untrafficked interrows (Fig 5) , regardless of tillage system. Corn roots eventually grow out to the center of trafficked interrows, but it takes longer for these roots to make it there and they are less numerous than the roots in untrafficked interrows throughout the growing season. This means that the roots in trafficked interrows are not as effective in taking up fertilizer and water as the roots in untrafficked interrows. Additionally, axle loads of less than 5 tons can reduce the rate of rainwater infiltration in trafficked interrows by 90% as compared with untrafficked interrows. As a result, the more wheel tracks there are in a field the more rainwater that will run off. Thus, wheel tracks can increase runoff and erosion, decrease water infiltration, increase pending, and slow drainage.
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So what does all this mean for farmers? It means that farmers should try to reduce the surface area covered with wheel tracks in their fields within the constraints of their management systems regardless of their tillage system. This can be done by combining operations to reduce the number of passes, by modifying equipment and tractors so that wheel base widths match, by using duals only when needed, and by planning operations like harvest and manure spreading so that the number of wheel tracks from grain wagons and manure tanks are minimized. When new or used equipment is purchased the wheel base width or row width of the equipment should be considered and compared with the rest of their equipment. Lastly, it's a good idea to look for compaction in their com fields. This can be done at about lOth leaf stage of com or right after final cultivation. Dig a trench about a foot deep from one row to the next in interrows that have had wheel traffic and in interrows that are untrafficked. Then use a two or three gallon sprayer to wash the soil from the trench walls to expose the roots. At this growth stage, roots should have reached the center of the interrows of 30" rows and should be fairly numerous in the top 6 to 12 inches. If they are not, then wheel traffic compaction is slowing down their growth.
